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IOTRODU-. .o;; 

The Alrcraf to SaleXXlte lata f«Xai' (ASDAR) project war bS(^ In X97S a^ a Joint SASA/.’iCAA 
protTrar. to provile an improved source of meteor oXogicaX data for weather forecasting. The 
inltlsti''e for starting the project came from a recognition that much of our weather origl* 
nates in the data sparse areas of the tropics ar.d Southern Hemisphera, it was further re- 
'ognized that these areas are frequently crossed by cany of the suodern, wioe~hody Jet air- 
iraft of the £*'47, DC-XO type. These aircraft contain navigation and data systems capable 
o' providing the foXl'owlng data; latitude, longitude, altituie, wind speed, wind direction, 
and outside air temperature, iue ASLAR system consists of a data acquisition and control 
unit to acquire, store, and format this data; a transmitter to relay the fommtted data vis 
sateillte to the ground; and a ciocK to time the data sampling and transmission periods. In 
cooperation with the National Ooeviic and Atmospl;eric Administration (NUAA) the data is re- 
layed to the grou.'id via their ieostatlonsry Operational Environmental Satellite (TOES) »;«rle'j 
a;td tiien to the h'atloiial Meteorological 'Tenter (itMC) to aid in weather forecast. ng. 

SYS-."EM DESCRIPTION 

Data Sources 

The S-747 aircraft used In cocmercial airline service uses an Inertial Navigation System (INS) 
and a Might Data Acquisition Unit (FLAU) at part of its complement of avionics equips-vnt. 
These two units serve au sources of the data necessary to 'rovMe the wind speed and direc- 
tion, and static outside air temperature at a specific latitude, longitude mu a.ltltude. 

The INS system provides the latitude, longitude, wino direction, and wind speed as serial, 

BCD data. The FDAU system provides altltU'ie and outside static air temperature in the form 
of PCM serial data. 

Data Format 

These date are the same as are normally manually reported by airline pilots in the form of 
aircraft reports (AXREP's). The ASDAR reports are formatted in a manner similar to these re- 
ports. As a result of the onboard formatting prior to transmission, the sessage as received 
Cfi the ground requires litt.e processing tc be suitable for Inser.ion onto the Global Tele- 
ccnmuni cations System (GTS) and, subsequently, into the weather data base. A sample formatted 
toessage is shown in Figure 1 as It is received and printed on a ground terminal. 

Major System Elements 

The major elesmnts of the ASDAR system are shown in Figure 2. Clocicwise they are the elec- 
tronics unit, the antenna, and the power supply. These are interconnected as shown in Fig- 
ure 3. As described previously, data from the aircraft INS and FDAU are fed into the Data 
Acquisition and Control Unit (DACU). A battery powered clock was developed and is Included 
In tl.e electronics unit along with the DACU. The 'lock output is used by the microprocessor 
based controller to determine che uata sampling times and transmission times. In normsil 
operations, eight complete sets of data a; acquired over a one hour period ana trauismitted 
to the satellite at a precise time each hour. The DACU provides ail the necessary scaling 
to the data and stores it in International Alphabet No, 5 in 6 bit ASC II, At the appropri- 
ate time each hour, the DACU turns the transm..tter on and delivers a Manches'er bl-phase 
data tgnal to phase modulate its carrier. 
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Ttie tnuis&Utcr Ir an UO W ocvii.'« Jenli^neJ fo>‘ intamittent « 4 >«rntlon wlViln th» •i«ctrontci 
unit, fha Irantuo. Iter op«r«t«f at a nooKkal 40: Kllz and Tecda a Coplanai' Stripllna antenra 
mountaJ on ll* top 'f tha h*’4' aircraft. 

i'tiysical Layout 

ihe LAuU, '.' 1 . 0 CK, md trana&lt 'ar are uxi pac>.U(:a'l In tha aiactronlca unit which conform! to a 
I A?R (Air I'ranapurt flatlnx;) {«cKa>:'a whona dlmenalons are 26 cm wide by lt^.69 on hlt^h by 
00. 1' > lone with a walitht jf 1.',''/ :he eyitan la powarad by a laparata power supply 

Container n a ^ AIR pac<a,-e whose dimensions are 12./ cm wine by 19.69 cn hleh by 10,17 on 
lone with a weU'ht of i.,iS K,:, These two units are mounted In tt<e f-rward electronics rack 
of the I - '47 aircraft as shown in Klgure 4. Ihe HI 'able Is routed, as shown, to tie top of 
the alrcral'i where It is con.nected to the antani>a mounted on the outside skin of the aircraft, 

Tha total system weight Including momitlng hardware, cables, and antenria Is 30,19 Kg 

DE-rALLED FUKCnOKAL lESCRiraiOK 

Data Acquisition and Control Unit (DA-'U) 

Racause the OACiJ contains a microprocessor, the operating features are readily chsmgad by re* 
programming. The operating characteristics described herein reflect the present progranmlng 
decisions, realizing that changes nay be SAde In the future. As shown In Figure 6, ttie DACU 

co.'islsts of three major circuit boards: t.he I/O board, the UR) board, and tlM front control 

panel. The function of each will be described In the following paragraphs. 

The front control panel cf the DA>.I) contains a number of switches that can be used to select 
Parlour options In the programing of the microprocessor. It also contains five LED Indica- 
tors that give a visual Indlcatloi' of the status of the DACU. For use with external equip- 
ment, there are 4 Jacks that can also be used to diagnose the operation of the DACU. Figures 

shows the front control panel ana Identifies its functions. 

The DACU operates on a specific tlsn schedule, acquiring data and transmitting the data to 
the satellite at tines that ore selected by thumbwl«el switches on the DACU front panel. 
yai:y ASDAR units will share a single RF channel, hence each unit ia asslgnea a specific time 
slot for data trananlssion. When a unit is to transmit a data m jsage, there 1s a predeter- 
mined sequence of events that must be performed by the DACU. For a single data point, the 
overhead required as a prea:JDla to the date transmission would be longer thsui the data part 
of the message. Hatt«r than transmitting many short data messages, the DACU of the ASDAR 

units stores data sets In .'oemory and then transmit blocks of stored data In order to make 

more efficient use of the IF channel. As a comjromlse, the ABDAR units always transmit eight 
sets of data during vauh transmission sequence. Ttierefore, If a unit Is set to transmit data 
once every hour, then the eight sets of data would be recorded at 7,5 min Intervals. 

As mentioned earlier, each ASDAR unit is assigned a specific time slot for Its transmission. 

This requires that the DACU have access to a ^ock. The aircraft systems do not have a clock 
that Is accurat'S enough to tlire the transmissions, so the ASDAR package must have Its own 
clock, therefo'.'e, a clock was Integrated Into the electronics unit. 

When the DACU determines xt Is time to transmit data, the DACU must turn on the ASDAR t"ans- 
mltter and then send the following sequence: 

(1) 5 secs of unmodulated carrier 

(2) 2.5 sees of alternating I's and O's 

(3) 15 bit MLS 

(4) 31 bit unit address 

(5) B sets of data 

(6) 3 end of transmission codes, 31 bits each 

After the end of the message, the DACU turns off the transmitter. The total message length 
Is about 25 secs when the data Is transmitted as an 6 bit ASC II coded massage. 

The data acquired from the aircraft systems for each reading Is as follows: 

(1) Present position, latitude 

(2) Present position, longitude 

(3) Altitude 

(4) Outside static air temperature 

(5) Wind direction 

( 6) Wind speed 

In addition to these parameters, the time of the data reading, in hours and minutes. Is also 
recorded. The latitude, longitude, vlnd direction, and wind speed are obtained from the air- 
craft INS, The altitude and outside static air temperature are obtained from the aircraft 
FDAU system. 
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. 1 .:it I L'.e. ■ :• . - ;ht jr tn« ;Ai.v, cor.ialna • nuKMr or >wltch*t for control 

Jt ■ /» . i.ure ' Jhows Um fr i.t . 

'.h« »'•?«; .wMoh iaUtle i iV" uiMi to <«lc^-t tl« nuAUtr of tranonlarlo; ^ [mr bour. 

IhU .'wi'.'h la Inoalcr- with ^,1, , -i, nioi 10. Th« loattlou Iab«l«J 0 la • apooiai cat* 
tlna that li u'f^i V jf ilrvioais oi iiic aiicl for liistaUal lyatac taatiri«i ana la not for 

nornal o(«ration. iha witch (>ocltloiiC i.abalac i, i', 4, ana 6 couiJ ta uaal for normal opara- 
tlon if so Icslrei, tut it la ai.tlclpataa Miat most 13 LA? unita will uaa a catting of 1 tranc* 

mission par hour, i'ha swi'ch poaltion of .0 * ranamlaalons par hour must M usaa with caution, 

ana shcula no' to usaa tor norriai ojaratlot.. As cantlonaa earllar. Ilia LA^'L' axwa^s stores 6 
satr jf Jata for each transstlsslor., Wlian tlia transmission rata la cat for 1 trar.ss.lsalon (ar 
1.001, tne lata ic rs'^oraai at 7,i riinotc Ir.tai^als. Whan ttia tranamlaslon Is .set at 16 tranr* 
mazion per hour, the lata Is recoraeo at '.'b sacona Intarvals. i'ha froiit panel Oata print* 

jut taitas at jut 41 sacr, aiiJ an 6 tit A£l 1! lata transalsalon tahas about ' sajc. This 

reana 'hat for 1^ traisc^sslons per hour, the first data rtadlnc Is taken before the previous 
trai.sr.lssion ties flnij<)w!.'l, which cai. laute coee raarrar.*:anant of the data reaalncs. Wlien tite 
transnlzaior. rate 1' wet at C, tlie lAit' Is In a spaclal test mode, iata la racorOad at ap* 
proxlmataly •> aaconl intenral ' ana i'ar.paa out to the tVont panel Jack iabaled TTY. This mode 
of oparatloi. U puita useful for checKlntc probiama with the UiS or FhAU aystama. lo adoltlon, 
whin tl,e CA-'V Is reset, in this mo la, tie transmitter la tur.'iad on for a abort nsssa«ja (about 
10 sac.s) to allow easy and rapid test of the ay a tee., 

iha other thunbwhael swltohec are labeled Mli< ana SK ', which corraapwnd to the starting time 
of the tranamlsalon, 1' ml:iutas a-oi seconds, respectively . If tl« number of trar.saklsslons Is 
set at a nun.nar greater than one, than ttie time of one of the multiple tranamlsalon la entersd 
on theca swltciias. iha DACU will calculate ttw otiwr tranamlaslon times at aqually spiacad 
Inter/als, 

the sat of rocMr switches iabaled ALIHESo are used to enter a unique ill bit address Into the 
ABliAK un'.'. These svltcha.' are used to enter the most significant 31 bits of the SI bit BOH 
aldreat. The LiAcX) will calculate the 10 extra check bits that make up the SI bit address. 

If a switch Is or;, then tlie corresp>onalng bit Is a binary 1, and If a switch la OFT, then the 
cor:'e8pondlng bit Is a bi.’iary J. 'ullien an adoress la assigned to a unit, it will usually be 
given as en 6 digit hex number by ttie national Envlroicaental Satellite Service (IIESS), The 
21 bit addrecs to be e>.l«r«d on tiie front parei la contained in the leftmost bits of the l>ex 
number. S.,.,ce an 8 digit hex number comprises iZ bits, the extra bit, by .’£i>S convention, is 
the least significant bit of the rightmost digit. 

T.<e toggle switch lalieled ALT Is used to enable or disable transmissions below a certain pre* 
programmed wind speed. This Is done to allow for traiismlsalons to be Iniilblted while the air* 
cra^ la on the ground This condition is indirectly Indicated by the wind speed which la 
caused to read zero be .ow 160 knots air zp>eed of the aircraft. At tlie present time, the cut* 
off wind apes'd la procromned at 0 knots. The liACU .'.ooka at tha last wind speed received from 
the CIS system for comparison with the programmed crit*off value. If the ALT switch Is set 
(up pjosltlon), then If a transmission la scheduled to occur at a time when the wlrwl speed la 
leas than the programned wind speed, the LACU will skip the transmission sequence. Also, If 
the switch Is set and the ZiACU la not recelvlii« good data from the IhS system, then the trax.s* 
mission will be skipped. If the switch It reset (down position), then the DACl) will always 
transmit, regair'iless of the wind ajeed. 

The switch laibeled LATC/dALS (iUT on early A3LAK units) la used to select the type of FTAU 
data that the BACU la to expect. Tor most PC*10's, the switch should be In the up position 
(DABS), and for most B*747’t, tlie switch should be In tlie down position (CADS). This swltcli 
Just directs the mlcroprouessor In Its Interpretlon of the TDAU output. When the switch is 
set to -he CA'.'iS position, the .iilcr cproce.':.sor converts the incoming TDAU data to a DADS format 
before it stores the data for traiismlasion. 

The rcmal.nlnc swltcu on the front panel is labeled RESET. V uepressing this switch, the 
microprocessor Is forced to execute the initialization coding, the same as if a power*up con- 
dition Just occurred. This switch is particularly Important when working with the DACU. The 
only time that the DACU examines the front p'anel switch settings la when the power*up restart 
coding is executed. Therefore, whenever any of ‘.he front pianel switches are changed, the 
RESET switch must be depressed to fov<te the microprocessor to examine the front panel 
switches. It should also be pointed .)ut that the Internal clock of the DACU will be reset 
when the RESET button is depressed, ai.l hence a new tlste update must be received from the 
clock subsystem to set the DACU clock, 

front psoel indicators . * Also shown in Figure 6 are the five LED lr.dicators on the DACU 
front panel. These LR.D's are provided to give a visual indication of the ASDAR system status. 
Three of the LED's are ontrolled by the microprocessor and the other two are hardware con- 
trolled by tlie LACU. 


;he l£I' • .s cjiua.'ted BJroas the *-:> V paver or the lACV eriU ihould te llluKineted 

wlwnever the I’^er j-i * j the lA'W ilie LEt' lete;ed R'>'R te coiitiectea to the ciock indlce- 
tor detnel. The Li! Ir trlvei. ty lOf'il ■ on the 1/0 toer l, tut 1« .tije|ttri>icnt jT the micru- 
pru.'esior operetloii. Diererore, when ttie clock li jn the R'.t'R LEO should te lllu&li>eted. 

Ihle LEI can alto te illuaituitej wt<r.i the lEHO .lack is u^ed, but thla will l« dlscuesed later. 

The LEi'n labeled llAl', and TUX are controlled by the mlcroprocesior. The LED labeled 

Til'S, will be lllur.lnated whenever ll« iACU Is recelvln<; valid time aplatea froei tlte clock, or 
fraa the t'ror.’ panel. When a vail'; tire update is received, the LEI will turned on and 
lei't on until a tire update Is not received as expected. That is, wlen s tire update 1s re* 

celvei, the LEI will renal:; 'Ci. Tor about : secs at t. alnlaue., unless tie clock sell'unctions. 

The LEI labeled INS is 'used to display the status of Ue lata beln^ recel'.'ed froa tie air- 
craft UiS. Tlie LEI will be turned on wlen one of the desired pera^orters is received fren the 

INS. If a period of at-out secs elapses without recelvln«; a paraaeter froa the lUS, tten 
the LET will be t'ur:e<l cff. 

The LET labeled ITAV la used to display the status of the ELA'J syatea. The FLAU clock re- 
ceived by tie TACU is lb ti.'ses the lata rate. Every 40W6 data bits the ILAU clock contains 
s x{«:lal sync pulse, and if the TACU has coun'ed 4096 data bits since the last sync pulse, 
then the . lAU LEI will be turned on. This LET' is not turned off or. a tlsed basis like tie 
1N6 LEI. If the ;-TAl clook I stopped while the ELAU LEI is oi., the LEI will stay on. 

. i-j;.’. :v tfl u.'iu. . - n» front puel of me TACU cantains four Jacks that cai. te used to help 
diagnose problems with the TACU. Three of the Jacks contain output information from the 
r.icroprouessor, and ore Jack is used to -eplsce tie role of tie ASIAB clock subsysten with an 
exter;uu piece of equipnent. 

The Jack labeled TEMOl is used to simulate the clock subsystem input to the lACU. When a 
simulator is pldtp^ed into the ICMOI Jack, the RCJR LEI is forced on, anu the clock and data 
lines are switcled fror. tie clock subsystem to the front panel inputs. The lock indicator 
status liie Into the microprocessor is forced to a locked Indication. The microprocessor 
caiuiot detect whether the clock input is from the A6IAR clock or from tlie front p«nel ICMOI 
Jack. The clock and data inputs to the Jack siust be -i-b V CMOS ccnputibie, euid the data must 
be bl -phase encoded data. 

The Jack labeled MOI contains the ..arc data that Is sent to the transmitter by the OACU. The 
slgn^ is TTL logic coo 4 )atible signal with ManciMstor bi-pdMse encoded data. B.v propier wir- 
ing of the plug for this Jack, tlw transBdtter output can be lidiiblted, and the transmitter 
data can be forced to ■> zero value since the data app«a.'lng at the Jack is not buffered. The 
transmitter cannot be forced on througl. this Jack, it can only be inhibited from turning on. 
The data output to the transs;itter is a tri-level code, with logic levels of 0, 2. 5, and S V 
nominally. When tbw transmitter is not enabled, and when the lACU is sending uimoduled car- 
rier, the data output will be at 2.5 V. When the OACU is sending data, the logic level at 
the Jack will be either 0 or 5 V. The drive circuit uses an open collector TTL gate with a 
pull-up resistor, so that the data output of the DACU can shorted to ground at this Jack with- 
out biursing the DACU circuits. 

The Jack labeled TIKE is a diagnostic output that can be used to lidirectly driv'e a teletype. 
The Jack output is a CMOS compatible signal with a 100 bits per secot d data rate. The data 
code is an KRZ code, rather than bi-phase like the MOD Jack. The data format is an 11 bit 
character format, the same as tbutt required by a teletype. To drive a teletype, the data 
rate must be cluuiged to 110 bits per second, and tl« logic level must be converted to a dc- 
current loop typ« signal. A typical output lYom this Jack is as follows; 

PWHH:W.:SS* T-MM:SS 

wbMre the value following the 1^ Is the current setting of the DACU internal clock, in hours, 
minutes and seconds. The asterisk following the time is present if tlie microprocessor has 
not received a valid time update, in which case the current time is a count from the la.’t 
power-up restart of the microprocessor. If the DACU has received a valid time update, the 
asterisk will not be present. The number fallowing the Rb Is the time until the next data 
reading, in minutes and seconds. The number following the T> is the time until the next 
transmission, in minutes and seconds. The output on this Jack is always present as long as 
the microprocessor is running. 

The Jack labeled TTf cental nn basically the same data that is sent to the transmitter each 
transmission. The data is made a little more readable by Inserting spaces and prefixes, but 
the data is the same as the data for the transmitter. The logic level on this Jack is the 
same as for the TIME Jack, and the data character format is also an U. bit async character 
code. The first line contains the. unit address In binary. The leitmost bit Is the first bit 
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^ranimlttcd. 'Ihe data ' ln*a contai*'. otm 4ata reaaine on ea.'h line. The I'aratne'ers are 
prl.'.tei In the folTswii.? orier: 

i l) latitU'iv, II. le^reea, mlimtea iii.l ter. the of minutes 
?) Innt’ltUile, 1:. seirrec.-, minute# Wid tentiie of mlnu'es 
.*) tlire or th'.i realin*, 1;. hourii anti lalniitei: 

( 4 ) altltuJc, i.n feet 

(t) outside static air tenpernlurc. In decrees ceieius 
(t) wind dire.'tlof.. In d«>,-i-eer 
(7) wln.l #{;«e 1 In Knots 

If the trai.-^mi.islon rat* In set for 0 trancnlsslons jter hovu-, tlien the output on this Jack 
contai-nfi only tlic lata lines. Tlie output will te a current print -out of the data bufrtr ap- 
proxlciatoly every 9 secs. This special output can be used to exasiine the III? and FDAU oata 
on an aloost continuous tasls. 

1 wLLi- ■ ie.tci lptloi. . - The OIV board t.’ontains the 8 bit microprocessor, ^1' bytes of RAM 
stora«'e, 4096 bytea of FROM stora«.e, and other misoellaneous circuits. The PROH stora^ Is 
coB}X)eel of eight .‘IT byte fusible link IHOM* . . Ihese PROM's were sele-ted because of their 
ability to operate from a single 'tb supply. The remainder of tlie circuitry on the boai'd 
comprises the buffering of the microprocessor signal lines, and clock circuits. The clock 
circuits operate from a 4 ISIz crystal oscillator. This crysta. Is used to generate tlie two- 
phase clocks required by the microprocessor, and to generate a 1600 Hz signal that Is used on 
'he I/O board. The microprocessor Is operated at Its maximum sp«e 1 of one MHz. 

I/O board descriptian . - Tlie I/O board contains all of the 8j«ciai I/O interfacing required 
by the liAC^.'. All of the connections to tlie microprocessor sire ma.le through two peripheral 
interface adapter (PIA) chips. 'i<lth the exception of tlie two flA's, one chip for driving the 
traiismltter, and the optical Isolators, tlie remainder of the circuitry on the 1/0 board Is 
CMOS. The interface to tlie IliS generates 8 bit parallel data. The other systems (FDAU, 
clock, transmitter, and .'Yont panel) all use serial Inputs a.'id outputs. 

Ir. addition to t'le .lata Interi'acei , the 1/0 board also contains a low voltage detection cir- 
cuit, This clr alt Is designed to give the microprocessor a reset signal If the V supply 
voltage falls below about 4. n Thlc was done to prevent any low voltage spikes from leav- 
ing parts of the clrcultrj' In on Indeterminate state. 

Clock Cubsystem 

The clock Buooysten consists of a single circuit board ai>d a 7 osqi-hour I'l-Os'* uattery ao 
shown In Figure '. The clock circuitry was developed using an 6 bit CMOS microprocessor and 
random access mesiory only. A 1 MHz teiiqierature compensated crystal oscillator was seleotea 
as the frequency standard. It has a yearly aging rate of tvlO*’ parts per year and a tempera- 
ture stability of +SxlO"^ over 0° to tsO® C. Tlie clock circuitry consumes 60 nil of power of 
which 40 riW Is consumed by the crystal oscillator. The battery, operating at I'd V, can keep 
the clock running for opproxlraa'.ciy 30 days; enough tl.-ne for the clock to be set prior to 
shipping and then shipped as a part of an ASDAR system to an airline and l.nstailed. 

A battery chargi.ng circuit Is also included on uhe circuit cso'd to permit the 28 VDC available 
from the power supply to charge the battery when aircraft power is on. A full battery charge 
is obtained in about ‘. 4 h of time with aircraft power on. 

As mentioned above, only I(AM memory Is used In the clock circuitry. Thus, to cause the clock 
to opera , both tlie microprocessor program and the correct time must be loailed into the mem- 
ory upon clock startup. This is efliectively accomplished using a setorate sot-time unit whlcli 
connects through a connector behind the hinged cover on tlie front panel of the electronics 
unit. An enable button is also provided to ensure glltch-free connection to the clock when 
setting the time. When the switch is depressod, an adjacent LED Indicator tells wliether the 
clock Is running or not by displaj'ing the reset status of the microprocessor. 

Although the initial 'irlver for the RAM only clock design was the unavailability of low power 
CMOS proms, this was later found to l« an asset since It Is desirable to have the clock stop 
positively upon a power Interruption rather than resume operation with an erroneous time. 

This Is a natural ’-esult of having the microprocessor program solely In volltle RAM. Further- 
more, the complexity of the external set-time unit la not significantly Increased by requir- 
ing It to load the program In addition 'c the correct time. 

Transmitter 

The transmitter consists of a single unit enclosed in a machined aluminum case as shown in 
Figure 8. Its dimensions are 13.97 cm wide, by 5,33 cm h'gh, by 27.94 cm long, and it we'gbs 

3.118 kg. The output frequency of the transmitter is determined by a plug in crystal con- 
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I 3«clllator jr^l. a I na a In a priiiortloiiaXl.y contrjllaJ ovan ot«ratlnt; at 60° C, Tha 

moJuIatlPf; data l iput aiwl control ■Itrn&l are provided by tha LACU aa uaacrlbad pravloualy. 

The output of tha tranmittar is iioadnally 60 W and It fad froA the trarismlttar to a connac* 
tor ofi tha fror.t panel of the ASDAP systa*. At this power 3 aval, ths trananlttar is daslgnad 
only for the typical Intamlttant operation as Is exparlanoad In tna A£0AR application. 

The frequency stability of ttw transnlttar it spacifloed at 1x10*^ par year, which should 
assure successTul (erforoanuc for about one year given tha iXKS channel btuidwidth constraints. 
This cliaractorlstlc will be discussed more fully in the ejlc..'. '^ojijiderattc.-.s section below. 

hjwer Suj'ply 

The power supply is totally contained in a separata pacKage, jt ATP in size. The power supply 
takes raw, rnflltered 11b V, 1^ phase, 400 cycle power frcn the aircraft, filters and condi- 
tions it down to t V ai.d L’B V DC. While t ran sail ttln*.!, the power drawn froei the aircraft 3- 
phase bus is C04 VA. At all other time'', tlia power is 104 VA. All parts of the electronics 
unit are fed by the 1. V supply ex'ept the transsilttcr and clock charging circuitry. 

Each output, 6 V and 26 V, are ceperately fused and have red LED indlcatorc to indicate oper- 
ation when lit. The t> V supi'ly nominally provider 2 A. The 28 V supply nominally provides 
11. S A when transmitting and O.C A when not transmitting. Internal filtering in the power 
supply is adequate to provide noise-free power in accordance with the conditions outlined in 
the ARINC specifications, InternsJ. protection is also provi-ied for over current, over volt- 
age, and under voltage. 

Antetma 

The antenna, shown in Figure V, is a Coplanar Stripline type, I'D cm wide, by 40 cm long, 

by 1.9 cm high, contoured to fit the curvature of the aircraft fuselage. The following 

specifications are being met for production antenna's- 

Frequency; 402 KHz nominal 

lain; l.b dblc 

Axial ratio: C db 

Although tlw intent of this antenna when developed was to both transmit at 402 MHz and re- 
colvB at 4<’8 KKc, its fabrication for prol'ootion ASDAR systesis excludes the receive capabil- 
ity and favors transmit ]>erf oraance , 

DESIGN CONSIDERATIONS 

interface Options 

After some preliminary investigations, It was determined tliat not all coniiXirclal aircraft of 
the imwer wlde-uody type carry tlie sane avionics equipment. For the most port, a particular 
type such as the B-747 will be the sane from aircraft to aircraft, but differences are still 
possible particiUarly when dealing with foreign airlines. Since the objectives of the ini- 
tial ASDAR progran were to equip a United number of aircraft to provide data through the 
First Global Garp Experiment (FGGE), which has a duration of one year beginning in December, 
1978, the B-747 aircraft was selected for In'tlal interfacing. 

The particular interface staiuiards for which the ASDAR has been designed are ARINC 561-11 for 
the INS, and ARINC 573-7 for the FDAU, This decision has permitted a rather bioad choice of 
airlines on the basis of most favorable routes. In fact, it lias been possible to use a 
standard installation kit Including drawings and hardware for all B-747' s to date. 

In the present prototype ASDAR systems, the Interface to the INS and FDAU are constituted 
primarily in hardware, and modifications to adapt to different types of avionics equipment is 
difficult. As noted earlier, a Digital Air Data System (DADS) /Central Air Data System (CADS) 
option is provided so that some compatibility is afforded for DC-lO's, This option will pro- 
vide compatibility for the FDAU interface, but the DC-iO must also carry on INS system if 
full compatibility is to be realized, which is not necessarily the case. Nusierous aircraft 
Including DC-10' s are now carrying, or plan to osirry, OMEGA navigation systesis. Although the 
essential data is presiunably present, the Interface to such a system would be different. As 
a further conqpllcatlon, some aircraft have been found which have slight modifications to 
their avionics equipment in either hardware or softuaie. 

In light cf the above findings, it is recommended that future designs of ASDAR systems con- 
sider options in both hardware and firmware, which will facilitate easy adaptation to avion- 
ics equipment of different types. Itiyelcal modularity of functions may be a way of accommo- 
dating this requirement. 
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DRIGINAB PAGE 
OR POOR QUAUT 

Er.vlronnent 

Th« AfliAX ayitcs. waa ^laatt^wJ to aorvU-e an>i j|«rat« In th« boXow Jack tladronlc aqulpnant 
araa of ooMarclal aircraft; tM otU^y externaJ. part of al»'jilficanca baln<< tha antenna aountad 
on top of tha fuaala«!a. rhe enviro!unant of ttte eqaliaant araaa of thaaa aircraft ora condi- 
tloiaad by cabin axhauat air to axtreaet In taaperatura ahotild not ba axperlancad by tita 
aqulpoant vMla tha aircraft la operating;. .Hewrthalaaa, attespta were luJa to aohera to 
ffr<.'A-l'ijli:0 apaclfiratlona for aqulptnent on tbla data of aircraft, Tharml, vibration, 
hucildlty, and £141 taata ware cottJuctaJ, 

Itw thmaai apaclflcr.tlon In thla caaa In to 4^^* C. lAja to conatralnta lapoaad by U«a 
iratiaEltiar, tl.a syatan was tottad frctr. -40^ to C only. It waa aubaaquantly JatarmliMd 
that tlia ntOK'a In the lACU vara exparlanclnir trouble at tenparaturai wall above thla lower 
Halt, Thla vat aubaapuantly tracaj to thersai aanaltlvlty In tha power awltchln^ circuitry 
on the !70t4 chlpt, io rectify thla problais, ttia power awltcblng feature of the IltOMS vac 
bypataai, thua avoldlnt; the uaa of tlte toaiaraturo aanaltlva circuitry; bi.i, thereby. In* 
creaaln^f tha power conaumptlon, 

Aa nlr'lit oe expected, the levalt of vibration e.>countei«d on modern ccexnarclal Jet aircraft 
are relatively low, Aa a reault, teatln«; to the required levela of both alne, random, and 
ahoca were centrally ureventful. Only one anomaly waa noted while tha ayatea waa beln« aub* 
Jccted to random vibration. Die trunoaltter freo'ency waa obaerved to ahlf*, Thla waa 
traced to a poorly aecurod cryatal oaclllator w'thln the trananltter oven aatenbly, A brack- 
et waa added to eliminate the problem, 

Ho anomalies worth noting were experienoed during humidity and EMI testing of the AShAR aya- 
ter. In t)ie laboratory cha,’::bera. Since thla system was to fly on aircraft In connerclal 
paaaetit^r service, extensive exasilnatlon ana testing were required prior to the necessary 
t-ederal Aviation Admlniat ration (RAA) certlcatlon, flnce Um certification proceaa would 
have to include a flight teat, a contract for t)>e complete flight certification was given to 
Pan American Airways, The necessary testing and flight were successfully performed on Keb- 
ruody 4, 13/7, A formal "Flight Teat Peport" (Ref, 1) has teen published covering the flight 
test euid results, 

FVom another j«rc;«ctit'e, ttc environment includes a time factor which may be of Importance 
under certain clrcumatances, whl'jb will be described later, Ixje, In part, to the desire of 
airlines to maximize th« re\'enue from expensive, ssodern Jet aircraft, a typical day's flying 
time .may total ir. to If h. Thesw fllghte are Interspersed with periods of off -time where 
neither power no:- environmental air conditioning are supplied to the aircraft and Its equip- 
ment. Thus, susceptible electronic equipment nay be affected by these conditions. 

The envlroiuaentaU. condition yet to be addressed is that affecting tha antenna. Of all tha 
ASBAK aquipment. It is exposed to the most severe envlroiunent. This includes the extremes 
of temperature, hvasidlty and physical abuse. Experleinies during the development of the 
ASBAP antenna have revealed Instances of atolsture leaks and surface erosion. The moisture 
leaking condition was corrected early in the program. Surface erosion as observed on the 
ASDAR antenna 1s considered normal for equipment ao located on the aircraft. Aa a result, 
periodic replacement (about tvtry two years) of protective surface coatings may be required. 

Of potentially greater concern la whether such an attachment to the outer akin of the air- 
craft will tend to build up ice. I'hould this happen, sudden breakl.'ig off of Ice particles 
could cause damage to aircraft parts in flight. This la of particular concern with an an- 
tenna mounted ahead jf tlie top engine of a DC-10, where Ice ingestion by the engine could 
cause significant da: ige. Althwugii no Ice formation has been noted on the present B-747 In- 
stallatlor., no irapllcHtlons car. be drawn with respect to performance on a DC-lO and, there- 
fore, qualification te~ts must be repeated on the DC-10 prior to certification. 

Transmitter Stability 

Aa noted earlier, the ,’IESS apeclflcatioti for transmitter stability is 1x10*^ per year. At 
400 MHz this would result In a possible frequency shift of >400 Hz. This Is enough to take 
a troi.smisslon to the band-edge of a JOES channel. Therefore, under minimal specified per- 
formance, a transmitter would stay In bond for about one year. 

A further complication to continued successful performance of such a transmitter results from 
using it In a mobile application as Is the case when used on an aircraft. In this case dopp- 
ler shift phoroiaena enters in and sa/ either add to or reduce the frequency shift dus to 
other factors. In the cose of ASBAR equip«d aircraft opwratlng with a OOlCS satellite, a 
maximum doppler shift of approximately Hz Is px>ssible when radially approaching or de- 
parting from the satellite at the horizon. When cctaparing the combined effects on trons- 
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mltt«r fr«)u«r.v*y. It bacoNt* k{>p*r«nt thKt. l\r better frequency iteblllty with tljae i« re* 
quSred If the effect* uf loppler ihlft ere not ^oln«( to texe t|j* trenamlVer out of bend. 

There e^e eefiy pocilble epproeche* to *oXvlnt( thl* probiee, *uch e* increeilng the chennel 
width to allow for Bore fre jueric> ihlft, hut, contlderlntt only thote option* which Involve 
the mobile tran*alttln^ pletfjre., ine ran«(* of po**lbllltle* beccae* Halted. SoaM po**lble 
appr >aohe* are; 

(a^ 8ynthe*lx* the traneslt fre jucricy tr'X, a *table lource re.ayeu via the •atelllte frea the 
,;round. 

(bl Provide a «;round ccananu capability to allow reaote frequency aajuetaent In flight. 

(c) Occaalonally ait.'uat the frequency ualiwt te*t equlpacnt by taKlo^ the *y*tan out of *er* 
vice on the crouna, 

(d) Provide a *ufflcl*ntly *table tranualtter *uch that frequency ihlft* other than the re* 
*ult of doppler are Inilgnlflcatit. 

(e) leteralne Uw effect of doppier and adjust the transmit frequency accordingly. 

( f) Sou* combination of the above. 

llpon Sicamlnatlon, each of these techniques has Its disadvantages, (a) ai.d (b) require the 
preseiice of a receiver as pert of the system, (a) would further require the result of (e) 
to avoid doppler affecting the stable source from the satellite, (d) would be a preferable 
method if It could be doi« cost ^>'*fectlv*ly. If a receiver is Included Its cost could be 
traded against that of a stable transmitter. 

It would be desirable to ha'/e a transmitter whose output frequency stability with respect to 
all Influences was not worse than Ixlu*^ parts per year. This su.y not be too difficult to 
reach If advantage 1* taken of the actual cnvlroiusent which the oscillator sees. First, the 
Intermittent cluu*acterlstlci of the power source indicates that an ovenlzed oscillator jpera* 
ting at 60° f is not desirable. This would cause dally thermal cycles of the order of 
C. Secondly, the actual operating environment Is not likely to exceed approximately 
20° J for any period of time and be more likely to fall balow. Therefore, a temperature com* 
pensated crystal oscillator operating within an oven whose operating temperature if 25° C 
would result in better long term stability. The oven would still operate oitly Intermittently 
but, most Importantly, It would maintain the oscillator temperature In flight where the en* 
vlronment Is going to be less tlAii 20° C, 

Timing Sources 

Early In the development of the ASDAB system, a receiver was Included to allow the use of 
satellite time for controlling data acquisition and transmission periods. After demonstrat* 
Ing Its successlUl performani.« during the first six months after flight certification In 
February, 1977, It was learned that coded timing was only going to be provided on the US 
GOES, not the European or .'apaiiese ones. Without' s a consistent, world*wide timing source, 
the receiver for timing purposes became of limited value. Thus, after six mob of success* 
ful performance, the decision was made to replace the receiver with a presettable clock with 
backup battery. The operational philosophy to be followed was one of providing sufficient 
battery capacity to allow settl:.^ the clock prior to shipment to an airline and battery re- 
charging from the aircraft power. 

The clock subsystem was developed and certified by the FAA for Inclusion In the ASDAB system 
on December 13, 1977. The concept has been shown to be operationally feasible and, although 
presently allowing a 2 min period per transmission, appears to be capable of sufficient 
stability to allow for one min transmission periods. These assumptions are based on reset- 
ting the clock after oi« year's operation. 

After almost a year's experience using the clock In the ASDAB system, there is some concern 
that this concept carried Into an operational ASDAB system Involving hundreds of units In the 
field could prove awkward and loglstica''ly umlesirable. Specific locations would have to be 
provided with time-setting equipment. Spare, back-up, systems could not be stored In a 
ready-to-lnstall condition without periodically applying power to recharge the clock battery. 

To overcome these, and possible other specific objectlo.is, a variation to the clock concept 
is being considered for operational systems, post FOCX, l.e. after 1979. This redesigned 
system would Include both a receiver and a battery powered clock. In concept, the receiver 
would automatlcidly set the clock and enable the system to operate when tt« aircraft Is with- 
in view of the two GOES satellites, approximately two-thirds of the globe. The battery 
capacity would be sufficient to sustain clock operation for periods up to 5 days without 
aircraft power. This should be enough to allow for normal loaintensmce periods and weekend 
layovers. Should the clock stop operating in an area out of sight of a GOES satellite, most 
airline routes should bring It back In view within a week, 

Sho'old an operational ASDAB system come about, an Improved timing system as described here 
should be considered. A factor in determining the nature and accuracy of the system timing 
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th* ohAimti p«caln« .itiiclty to av 4 .(<oit Um nvM>«r of A81AI< olrcroft llko* 

ly to b« riyliitf In tbo l.>6C'a. 

ITt-KORXASC* 

A(«rt froR porloiJa oT tin* aiaar* th« ASlAr iy«t«a va« bolmt roOOalsiiaJ or rocortirioil, ttm 
porfomanc* •lm'« ''•bruary, lu77, hai toon ««oopllo<Al for • prototyp* ayatoa In an axpari* 
tianta; pro^raA. la a Joint prujoct .aiwoar. NASA anJ NOAA to [rovlilo alrtorn* waathar 

'lata oollactlon piati'oru for tlia I'.kJT axparLaaiit boKliuiln^ io .acaaitar, 1976. Olnoa KAAA'a 
raaponalbtlliy la ll'4ta4 to tba la«lr:i , Oavaiopaant, Inatallatlon, and oparatlon of ttaa 
ASIAN ayataa aa a da.U' ooXlactlon attJ traua^laalon lyatar, Ita parfonaanoa will ba andraaaad 
principally In thla i-ontaxt and not with rtapac^ to tha quality and valua of tha data. It la 
obvloua froR tlia pracadln^ pava«(rapha that aoa-- «dlfUatlona aiid laprovananta hava alraaiy 
taan Baoa to tha ASIAN ayataa. Karly In the projact nunaroua chan«iaa wara na'la to althar 
corra.-i arrora In undaratandtn^ tha fonaata of tha data froai tha aircraft aqulpnant or Rodlfy 
tha procaaal&ti foreat of tha data collactad. rbaaa ciian« 9 a ware 8«>>a auch aaalar due to tha 
■Icroprooaacor In tba I'ACU. In the laat year aiid a half, awdlflcatloua were rsada to acccaato* 
data factora apart from tha A8DAK ayataa, auch aa tha lacK of aatalllta t'jaa or to Improve 
operational rallablllty. 

rha ASIAN reliably and .*o.ia latently acqulraa tha aircraft data, lata tranaalaaiona are con- 

alatantly good atid free of arrora within tha footirlnt of tlw aatalllta, which la really 

horUon-to-horizon. Figure 9 ahowa data fran an aircraft carrying an ASIAN ayataa over a 

Uirea month period. Many of tlia fllghta overlap In their tracka. Aa can be aacn, data 

coverat^e aonatlaaa axceeda the horizon. 

Beginning In lecember, 1976, there will be 17 ASIAN ayateiaa flying on nuceroua International 
alrllnea. Having coaplated thalr prime objective by the end of 1976, It la anticipated that 
thaaa 17 ayatama will continue to ba flown an'i will traka up tha beginning of ati operatlonid 
ASIAN fleet. Aa explalnad aarller, much haa been learned during the developnent of the ASIAN 
ayatea. Aa a reau't. It haa been concluded that an ASIAN ayaten, to be aucoeaaful In an 
oieratlonal envlronsMnt, asuat be repackaged and aooawhat OKXliriad In daaUin if it la to be 
coat affective to purchase, operate, and maintain. 

To .Ate, all Indications froei NOAA are that ASIAN la a valuable addition to their array of 
weather data collection •ouroea. The data la aufflclantly accurate when coaipared with other 
sources of data, that It la among the highest weighted data In thalr weather duta baaa. 

COKlXUDINO NEMAN KS 

In the conduct of the Joint NASA/NOAA project to collect upper ataoaphare mataorologlcal data 
an airborne data collection and tranai&laalon platform haa bean ■uccaaa'tilly davalcped and has 
parformad wall as one alament of a complex aystem consisting of a fleet of cocaaarcial air- 
craft, tlw ASIAN aystam, tha X)ES aatalllta family, tha .'ZSS, and the HMC. Tha contribution 
of NA A to this project haa cambinad the modem technologies of avionics, Bicroprocaasora, 
antennas and satellite coaaiuni cat Iona for an affective addition to tha techniques used In 
atonltorlng global waathar. Having daakonatratad tha feasibility of thla tachnlqua It la 
anticipated that .VdlAN will grew Into a world-wide operational aystam. 

NEl'ENENCI. 

1. Doilno, Edward J.; Lovell, Nobert R.; Conroy, Martin and Culp, lavld H.: ASIAN (Air- 

craft to Satellite lata Helay) Nllght Teat Report. NASA TM-75744. 
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ASOAR ADDRESS CODE 



THE LATEST DATA IS 
PRINTED FIRST AS 
DENOTED BY THE 
TIME SEQUENCE 


DATA PRINTOUT 
OBTAINED FROM 
NESS DCS 

SUITLAND. MARYLAND 

rNESS DATEFTIME HEADER 
113- ll3th DAY; APRIL 23. 1978 
150208*140908 GMT; 09:0^08 EST 


THIS BLOCK OF DATA 
REPRESENTS PART OF A 
PAN AMERICAN FLIGHT IN 
THE SOUTH PACIFIC 


CODE: 0-N. 8*S — f 

LATITUDE; S10°25.? 

CODE: 0-E. 1*+100° 

8-W.9-+100O 

LONGITUDE: WMS^l/.O 

NOTE: THE AIRCRAFT IS BEGINNING 
DESCENT TO PAPEQE 


816316948485150237496-49095008 
815413948132145438900-52130014 
814513947378144738900-55135016 
81 3578947091 143938900-551 2801 3 
813058946390143238900-54148014 
812121946129142438900-54139005 
811184945447141738900-52184005 
8l02f 29451 70140938900-56? 


? 28 Q^ 


WIND SPEED IN KNOTS 
WIND DIRECTION IN DEG 
AIR TEMPERATURE IN °C 
ALTITUDE IN FEET 


TIME 

(GMT) 

1409*9:09 EST 
Figure 1. 
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Figure 2. - Electronics unit, antenna, and power 
supply. 
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Figure 3. * Block diagram. 
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Figure 5. - Data acquisition and controi unit, 
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Figure 6. - ASDAR DTS electronics unit model 638000-2. 
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Figure 9. - ASDAR data record points with contours of constant elevation to the receive 
satellite. 


